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Tbjectives: Right ventricular dysfunction is a possible cause of cardiac failure after
oronary surgery. The use of cardiopulmonary bypass is regarded as a major cause
or its occurrence, and it has been postulated that performing coronary surgery
ithout cardiopulmonary bypass might reduce ventricular dysfunction. Therefore,
his prospective, randomized, controlled study tested the hypothesis that off-pump
oronary surgery would better preserve right ventricular systolic and diastolic
unction than conventional bypass surgery.
ethods: Fifty patients scheduled for elective coronary artery bypass surgery were
andomly assigned to conventional or off-pump surgery. Right ventricular function
as assessed by intraoperative transesophageal echocardiography immediately be-
ore and after coronary surgery. Right ventricular ejection fraction was used as a
arker of global systolic function and tricuspid early/late (atrial) ratio as a marker
f the global diastolic function. Peak systolic and early diastolic velocities of the
ateral tricuspid annulus were studied to assess systolic and diastolic function in the
rea of the right ventricular free wall.
esults: Surgery was completed according to randomization in 48 of 50 patients.
reoperative characteristics were similar in both groups. Intraoperative differences
etween the two groups included a higher volume of allogeneic blood transfusion in
he conventional surgery group. At the end of surgery, global systolic right ven-
ricular function was similarly maintained and diastolic function similarly impaired
n both groups. There were no significant intergroup differences in any of the
chocardiographic markers of right ventricular function.
onclusions: Off-pump surgery did not better preserve right ventricular systolic and
iastolic function than did conventional coronary surgery.
ight ventricular (RV) dysfunction is a possible cause of cardiac failure after
cardiac surgery and has a high mortality rate.1,2 Major reasons for compl
cations of cardiac surgery are the need for hypothermic cardiac arrest, 
rossclamping, and exposure to a cardiopulmonary bypass circuit.3,4 It has been
ostulated that avoidance of these factors by performing off-pump coronary artery
ypass (OPCAB) surgery might reduce perioperative morbidity and improve out-
ome.3 Whether OPCAB surgery can fulfill these expectations, or to which d
s yet unclear.5 Nevertheless, prospective studies have consistently found a sma
yocardial enzyme release up to 24 hours after surgery in the OPCAB gro6-8
uggesting a smaller degree of intraoperative myocardial damage. One might speculate
hat reduced myocardial damage will result in a smaller incidence of postoperative heart
ailure, especially in patients with preexisting RV or left ventricular (LV) dysfunction.
owever, it is unclear whether smaller myocardial enzyme release correlates with
etter ventricular function in OPCAB patients. One study reported that LV function is
reserved after multivessel OPCAB surgery but did not include a comparison with
he Journal of Thoracic and Cardiovascular Surgery ● Volume 131, Number 6 1281
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1
A
CD atients undergoing conventional coronary artery bypassrafting (CCABG),9 and there are no studies comparing 
hort-term effect of OPCAB versus CCABG surgery on RV
unction. Therefore, we performed this prospective, ran-
omized, controlled study to assess and compare the effects
f CCABG and OPCAB surgery on RV function. Given the
maller myocardial enzyme release, we hypothesized that
PCAB surgery would better preserve RV systolic and
iastolic function than CCABG.
atients and Methods
he prospective, randomized, controlled study was performed with
pproval from the Basel Committee on Human Research, and
very patient provided written informed consent. Fifty consecutive
atients scheduled for elective CABG surgery and for whom the
urgeon regarded off-pump and on-pump techniques as equally
uitable were included. Exclusion criteria were as follows: redo or
mergency surgery; preoperative hemodynamic instability requir-
ng continuous inotropic medication; lack of sinus rhythm or
omplete bundle branch block or atrioventricular delay greater
han 240 milliseconds on the preoperative electrocardiogram; in-
ermittent or permanent ventricular pacing before surgery; and
oderate or severe mitral or tricuspid valvular disease or atrial
eptal defect on the preoperative transthoracic echocardiogram. A
ample size of 25 patients per group was calculated on the basis of
pilot study to allow for detection of a 20% intergroup difference
n RV ejection fraction and RV-E/A at the end of surgery ( .05,
 .20; 2-tailed unpaired t test). A computer-generated random
ist was used to assign patients to the CCABG or the OPCAB
roup.
atient Monitoring and Anesthetic Management
nesthetic management was performed in a standardized way
ccording to the routine procedure for patients undergoing cardiac
urgery at our institution, as previously described.10,11 In brief,
nesthesia was induced with thiopentone or etomidate and main-
ained with midazolam, fentanyl, and isoflurane. Muscle relaxation
as achieved by repeated boluses of pancuronium, and controlled
echanical ventilation with 50% oxygen in air was provided to
chieve normocapnia. All patients were continuously monitored by
-lead electrocardiography (II, V5), pulse oximetry, and invasive
easurement of arterial blood pressure and central venous pres-
Abbreviations and Acronyms
CCABG  conventional coronary artery bypass
grafting
E/A ratio early/atrial ratio
Ea  early peak diastolic velocity
LV  left ventricular
OPCAB  off-pump coronary artery bypass surgery
RV  right ventricular
Sa  peak systolic velocity
TDI  tissue Doppler imagingure. A pulmonary artery catheter was inserted in all OPCAB e
282 The Journal of Thoracic and Cardiovascular Surgery ● Junatients and in 4 of 25 CCABG patients. To prevent hypotension
uring surgery, each OPCAB patient received 500 mL of hydroxy-
thyl starch 6% in 0.9% sodium chloride injection (B. Braun,
elsungen, Germany) after induction of anesthesia. Each CCABG
atient received 500 to 1000 mL hydroxyethyl starch 6% as
riming solution for cardiopulmonary bypass. Additional hydroxy-
thyl starch 6% was administered during the operation as clinically
ndicated.
If pharmacologic support was required during weaning from
ardiopulmonary bypass or at any time during OPCAB surgery,
ow-dose epinephrine or norepinephrine (0.03 to 0.07 g · kg1 ·
in1 each) was given and the dose adjusted according to the
emodynamic response. Single or repeated intravenous boluses of
smolol (0.25-0.5 mg · kg1) or propranolol (2-3 g · kg1) were
sed to reduce the heart rate, if needed.
urgical Procedure
he surgical techniques were standardized and all operations were
erformed by one surgeon. A midline sternotomy was performed
n all patients. The left internal thoracic artery was always prepared
s the only arterial graft for subsequent anastomosis to the left
nterior descending coronary artery or a diagonal branch. Venous
rafts were always attached to the aorta. Heparin was administered
ntravenously to achieve an activated clotting time greater than 480
econds in CCABG patients and greater than 400 seconds in
PCAB patients. In CCABG patients, an arterial cannula was
laced in the ascending aorta (Jostra, BIOMEDICA Medizin-
rodukte GmbH, Wien, Austria) and a 2-stage venous cannula in the
ight atrium (Stöckert, Sorin Group Deutschland GmbH, München,
ermany). Two membrane oxygenators (Affinity, Medtronic, Cardio-
ascular Systems, Minneapolis, Minn, and QuadroxJostra Inc, Aus-
in, Tex) with a tubing system that included an arterial line filter
ere used. Surgery was performed with normothermic cardiopul-
onary bypass, and antegrade cold blood cardioplegia was used
or myocardial protection. Blood aspirated from the surgical field
as subsequently reinfused into the patient. Distal vein grafts to
oronary anastomoses were completed first and then the left inter-
al thoracic artery was anastomosed. During reperfusion, the by-
ass grafting was completed with proximal anastomoses to the
scending aorta. Atrial or sequential pacing, as needed, was used
o wean the patient from cardiopulmonary bypass if the spontane-
us sinus rhythm was below 80 beats/min. After separation from
ardiopulmonary bypass, protamine was given to reverse the ef-
ects of heparin.
OPCAB surgery was performed as described by Sergeant and
ssociates.12 The pericardium was suspended to the left side
ontrast, the right-sided pericardium was never suspended to
chieve mobility of the heart while distal anastomoses were per-
ormed. Inspiratory oxygen fraction was increased to 80%
hroughout the grafting period and reduced to 50% again after
ompletion of the last graft. A V-shaped sponge was fixed down on
he right posterior mediastinum halfway on the line joining the
nferior vena cava to the left inferior pulmonary vein. Closing and
xtracting the V-shaped sponge retracted the left atrium and the
eft ventricle. The epicardium in the area of the distal anasto-
osis was immobilized by an Octopus III epicardial stabilizer
Medtronic, Minneapolis, Minn). To decrease the duration of isch-
mia and to achieve a bloodless surgical field, we used intracoro-
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A
CDary perfusion catheters in coronary vessels with a diameter
reater than 1.5 mm. The left internal thoracic artery was routinely
he first graft performed. Shed blood was collected from the
perating field and retransfused (COBE BRAT 2, COBE Cardiovas-
ular, Inc, Arvada, Colo). Atrial pacing was used if the spontaneous
inus rhythm was less than 65 beats/min. The decision to switch to
ardiopulmonary bypass during the procedure was based on sig-
ificant hemodynamic instability and/or ventricular arrhythmia.
chocardiographic Recordings, Measurements,
nd Calculations
ransesophageal echocardiographic studies were performed by
ne investigator using a Sonos 5500 ultrasound system and a
ultiplane 4-7 MHz transesophageal echocardiography probe
Philips, Best, The Netherlands). Baseline study data were ac-
uired before opening of the sternum and data at the end of the
peration after closure of the sternum. With the use of the respi-
atory signal on the screen of the imaging system, study recordings
ere always performed at end-expiration, that is, on the last
ardiac cycle before mechanical lung inflation. Three recordings of
ach view were digitally acquired per study period and stored for
ubsequent off-line analysis. The mean values of three measure-
ents by a reader who was blinded to all other study data,
ncluding surgical technique, were used for analysis. So that in-
rareader and interreader variability could be determined, a random
ample of 25% of the data was submitted twice to the first inves-
igator and once to a second investigator. The variabilities were
alculated as the mean absolute difference between two readings
ivided by their mean and expressed as percentage.
Two-dimensional recordings of the 4-chamber view were used for
easurements of the RV end-diastolic area and end-systolic area.
he midesophageal RV inflow-outflow view was recorded for
easuring the end-diastolic and end-systolic lengths of the right
entricle, which were defined as the distance between the lateral
nnulus of the tricuspid valve and the lateral annulus of the
ulmonary valve. The RV end-diastolic and end-systolic volumes
ere calculated on the basis of these measurements according to
he formula: RV volume  2/3 · area · length.13 Cardiac output
as then calculated according to the formula: cardiac output 
end-diastolic volume – end-systolic volume) · heart rate. Midesopha-
eal 4-chamber, 2-chamber, and long-axis views were used for
egmental wall motion analysis of the left ventricle using the
6-segment model and the 5-grade scale of wall motion according
o current guidelines.14 Two experienced readers independentl
erformed wall motion analyses, and consensus readings were
erformed when initial scores of the two readers were not in
greement. Presence of new segmental wall motion abnormality at
he end of surgery was diagnosed if wall motion in a segment
eteriorated by two or more grades.10 The wall motion score ind
as calculated by dividing the sum of the scores of all readable
egments by the number of readable segments at baseline and after
urgery. We also calculated a score for the segments depending on
he right coronary artery, that is, the 3 inferior segments. Pulsed-wave
oppler echocardiography was performed in the midesophageal
-chamber view to study tricuspid inflow velocities. The sample
olume was placed between the tips of the open tricuspid leaflets;
eak early (E) and late (A [atrial]) velocities were subsequently
easured and the E/A ratio calculated. Pulsed-wave tissue Doppler t
The Journal of Thoracicmaging (TDI) was performed in the transgastric RV inflow view
o study motion of the posterolateral annulus of the tricuspid valve.
easured tissue Doppler imaging parameters included early peak
iastolic velocity (Ea) of the lateral annulus and peak systolic
elocity (Sa).
Echocardiographic outcome parameters included cardiac out-
ut that was used to study global RV function, ejection fraction to
tudy systolic RV function, and tricuspid E/A ratio to study dia-
tolic RV function. Peak systolic and diastolic velocities of the
ricuspid annulus, Sa and Ea, were used to study systolic and
iastolic function of the posterolateral RV free wall.
Echocardiographic assessment of the left ventricle included
-dimensional recordings of the transgastric short-axis view. These
ecordings were used for measuring LV end-diastolic area and
nd-systolic area and for calculation of LV fractional area change.
ulsed-wave Doppler echocardiography was used to study mitral
nflow velocities in the midesophageal 4-chamber view. The sam-
le volume was placed between the tips of the open mitral leaflets,
eak early (E) and late (A) velocities subsequently measured, and
he E/A ratio calculated.
tatistical Analysis
ontinuous variables are presented as mean  SD and [median].
ll analyses of continuous variables were performed by nonpara-
etric tests, that is, by a Mann-Whitney U test for unpaired
ariables or Wilcoxon signed-rank test for paired variables. Di-
hotomous variables are presented as numbers and percentages;
he Fisher exact test was used for their analysis. Analyses were
erformed on an “intention to treat” basis. All tests were 2-tailed.
ll statistical analyses were performed using an SPSS for Win-
ows 12.0 computer package (SPSS Inc, Chicago, Ill).
esults
urgery was completed according to randomization and
tandardized surgical plan in 48 of the 50 patients. Conver-
ion to cardiopulmonary bypass was performed in 2 of the
5 patients randomized to the OPCAB group because of
arked hemodynamic instability during retraction of the
eart. All patients with a significant stenosis of the right
oronary artery received a venous graft to this artery, except
n 6 patients whose right coronary artery was completely
ccluded (2 in the CCABG group and 4 in the OPCAB
roup). A significant stenosis of the RV branch was ob-
erved in 4 patients (2 in the CCABG group and 2 in the
PCAB group). These RV branches were not revascular-
zed because they were regarded as too small (1.5 mm) for
eceiving a bypass graft. Seven patients had a slow initial
ecovery and stayed in the intensive care unit more than 48
ours (4 in the CCABG group and 3 in the OPCAB group).
owever, there were no major complications and 30-day
ortality was null in both groups.
eneral Perioperative Characteristics
he two groups had similar preoperative characteristics
Table 1). No patient had documented previous RV in
ion or pulmonary hypertension. Intraoperative differences
and Cardiovascular Surgery ● Volume 131, Number 6 1283
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A
CDetween the two groups included a higher incidence and
olume of allogeneic blood transfusion and a lower hemo-
lobin level at the end of surgery in the CCABG group
Table 2). The volume of Ringer’s lactate administered 
lso higher in CCABG than in OPCAB patients. At the end
f surgery, the average heart rate was significantly higher
han at baseline in both groups, and it was significantly
igher in the CCABG than in the OPCAB group. The use of
trial pacing at the end of surgery was significantly more
requent in the CCABG group. Peak troponin I levels in the
rst 24 hours after surgery were markedly elevated in both
roups, but significantly higher in the CCABG group than
n the OPCAB group.
Echocardiographic findings. Two-dimensional images
nd tricuspid flow velocity recordings of good quality could
e obtained in all study patients at both study periods (
 and Figure 1). RV TDI signals of sufficient quality 
e obtained in 44 patients at baseline, that is, in 22 patients
n the CCABG and 22 patients in the OPCAB group, and in
0 patients at the end of surgery, that is, in 20 patients in
ach group. Reproducibility of all echocardiographic mea-
urements was high. Intrareader variability ranged from 2%
Sa, Ea) to 7% (RV ejection fraction), interreader variability
rom 5 to 14%.
Cardiac output did not significantly change after surgery
nd systolic ejection fraction remained stable in both groups.
ABLE 1. Preoperative characteristics of 50 patients un-
ergoing on-pump versus off-pump coronary artery bypass
urgery
On-pump Off-pump
o. of patients 25 25
ge (y) 65  8 [66] 61 9 [60]
emale gender 4 (16) 4 (16)
eight (kg) 78 14 [76] 75 10 [74]
eight (cm) 171 8 [174] 170 7 [172]
uroScore 3.0  2.6 [3.0] 2.4 2.5 [2.0]
hree-vessel coronary artery
disease
20 (80) 19 (76)
95% stenosis of right
coronary artery
10 (40) 11 (44)
jection fraction (%) 58 16 [62] 57 16 [60]
ngina pectoris CCS III-IV 9 (36) 10 (40)
revious myocardial infarction 10 (40) 13 (52)
iabetes mellitus 8 (32) 8 (32)
ypertension 18 (72) 13 (52)
ong-term medication
Beta-receptor blockers 23 (92) 23 (92)
ACE inhibitors 10 (40) 6 (24)
Insulin 3 (12) 2 (8)
alues are mean  SD [median] or number (%). Preoperative character-
stics are similar in both groups. CCS, Canadian Cardiovascular Society;
CE, angiotensin-converting enzyme.here were decreases in RV end-systolic and end-diastolic t
284 The Journal of Thoracic and Cardiovascular Surgery ● June
d
olumes after revascularization in both groups, but these were
ore pronounced in the CCABG group. The tricuspid E/A
atio decreased significantly in both groups. Peak systolic
elocity of the lateral tricuspid annulus (Sa) was unchanged
n the CCABG group but decreased in the OPCAB group;
he intergroup difference did not reach statistical signifi-
ance. Diastolic tricuspid annular peak velocity Ea de-
reased significantly in the OPCAB group only; the inter-
roup difference at the end of surgery was not statistically
ignificant. All these findings were similar when only con-
idering patients according to the surgical technique or
atients who had not received inotropic support at the end of
urgery (12 patients in the CCABG group and 18 patients in
he OPCAB group; data not given in detail). Systolic LV
ractional area change remained unchanged in both groups.
he LV end-diastolic and end-systolic areas decreased after
urgery only in the CCABG group, but intergroup differ-
nces were not statistically significant. New segmental wall
otion abnormalities were found after surgery in 7 patients
n the OPCAB group and in 5 patients in the CCABG group.
ew wall motion abnormalities in the area supplied by the
ight coronary artery, that is, in the inferior segments, were
ound in 4 and in 2 patients in the OPCAB and CCABG
roups, respectively. There were no intergroup differences
n the overall wall motion score index based on all 16
egments and in the wall motion score index of the 3
nferior segments, although the index of the inferior seg-
ents strongly tended to increase after surgery in the OPCAB
roup (P  .052).
iscussion
he hypothesis that OPCAB surgery would better preserve
V systolic and diastolic functions than CCABG surgery
as not confirmed by this randomized echocardiographic
tudy. Cardiac output and RV systolic ejection fraction were
reserved at the end of coronary surgery after both CCABG
nd OPCAB surgery. In contrast, RV diastolic function was
imilarly impaired after revascularization, as indicated by
ignificantly smaller E/A ratios and markedly decreased
nd-diastolic volumes. Analysis of lateral tricuspid annular
otion revealed impaired systolic and diastolic function
nly in the OPCAB group, but intergroup differences were
ot statistically significant. Given the unchanged ejection
raction but decreased end-diastolic volume, the finding of
reserved cardiac output after surgery reflects adequate
anagement of the heart rate according to published stan-
ards for CCABG patients15 and OPCAB patients.16 The heart
ate was higher after surgery than at baseline for both groups,
nd it was higher for CCABG patients than for OPCAB
atients. Cardiac output values thus showed that global cardiac
unction was sufficiently preserved for achieving and main-
aining the circulatory goals both after CCABG and after
e 2006
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A
CDPCAB surgery. However, preserved cardiac output is not
n indicator of unimpaired RV myocardial function.
Impairment of RV diastolic myocardial function both
fter CCABG surgery and after OPCAB surgery was indi-
ated by the marked decreases in the E/A ratios at the end
f surgery for both groups. Impaired diastolic function also
ccounted for the significant decreases in end-diastolic vol-
me after surgery, as did the markedly higher heart rates.
he degree to which the significantly higher heart rate or the
igher degree of diastolic dysfunction contributed to the sig-
ificantly larger decrease in end-diastolic volume in the
CABG group cannot be differentiated.
Tricuspid annular velocities were assessed in the lateral
rea because they are primarily influenced by the RV free
all. Our interest was directed to the RV free wall because
ABLE 2. Intraoperative characteristics of 50 patients und
rtery bypass surgery
atients
nastomoses 3.2
evascularization to RCA
ardiopulmonary bypass time (min) 82
ortic crossclamp time (min) 49
ntraoperative fluid administration
Ringer’s lactate (mL) 3798
Hydroxyethyl starch 6% (mL) 868
Allogeneic blood transfusion
Patients receiving transfusion
Units of blood per patient 1.2
emoglobin at baseline (g/L) 125
emoglobin at the end of surgery (g/L) 94
rine output (mL) 574
ntraoperative cardiovascular medication
Epinephrine, infusion pump
Norepinephrine, infusion pump
Beta-blocker, boluses
trial pacing at the end of surgery
eart rate (beats/min)
Baseline 60
End of surgery 92
ean arterial pressure (mm Hg)
Baseline 73
End of surgery 77
entral venous pressure (mm Hg)
Baseline 9
End of surgery 9
ean pulmonary artery pressure (mm Hg)*
Baseline 16
End of surgery 23
eak troponin I in first 24 hours after surgery 54
alues for continuous variables represent mean  SD [median]. Values for
n the OPCAB group but only 4 patients in the CCABG group had a pulmo
ardiopulmonary bypass. Numbers represent the individual times of thesehis wall is more compressed than the left ventricle in a c
The Journal of Thoracicorcine model of OPCAB surgery, with displacement of the
eating heart resulting primarily in RV dysfunction.17 Peak
ystolic and early diastolic velocities of the lateral tricuspid
nnulus, Sa and Ea, were studied as indicators of systolic
nd diastolic myocardial function. These two parameters are
redictive of cardiac complications and death in nonsurgical
atients with symptomatic heart failure.18 In our study, ther
ere no statistically significant intergroup differences in
hese two parameters after CCABG versus OPCAB surgery.
evertheless, there was a small but statistically significant
ecrease in peak systolic tricuspid annular velocity in the
PCAB group, whereas it remained unchanged in the
CABG group. The more frequent use of atrial pacing in
he CCABG group might have contributed to this result
ecause atrial pacing increases RV inotropic status after
ing on-pump (CCABG) versus off-pump (OPCAB) coronary
BG OPCAB P value
25
7 [3.0] 2.9  0.6 [3.0] .086
84) 19 (76) .725
[78] 92/81†
[47] 50/56†
3 [3700] 2630  1116 [2400] .001
0 [1000] 854  399 [1000] .442
56) 4 (16) .007
3 [1.0] 0.2  0.5 [0.0] .007
[129] 126  11 [126] .724
[90] 103 10 [104] .001
1 [580] 483  298 [430] .048
52) 7 (27) .148
32) 6 (24) .754
20) 9 (36) .345
60) 5 (20) .008
[58] 65  9 [63] .068
[90] 82  10 [82] .001
[72] 76  11 [77] .232
[78] 77  9 [78] .938
[9] 9  5 [9] .623
[9] 10  5 [9] .694
[16] 19  6 [17] .752
[21] 19  6 [19] .450
[14] 43  80 [4] .049
orical variables are number (%). RCA, Right coronary artery. *All patients
rtery catheter inserted. †Only 2 patients in the OPCAB group underwent
tients.ergo
CCA
25
 0.
21 (
 24
 14
 98
 39
14 (
 1.
 15
 13
 20
13 (
8 (
5 (
15 (
 9
 8
 12
 13
 3
 4
 2
 8
 95
categ
nary aoronary surgery.19 In contrast, epinephrine with its positive
and Cardiovascular Surgery ● Volume 131, Number 6 1285
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1
A
CDnotropic effect did not confound the result because the
ndings of Sa, as well as of Ea, did not differ when only
atients were analyzed who did not receive epinephrine.
iastolic function, as indicated by diastolic tricuspid annu-
ar velocity Ea, was significantly impaired only in the
PCAB group, but the intergroup difference was not statis-
ically significant. The decrease in the OPCAB group might
ave been influenced by the decrease in Sa because Ea is not
ndependent of systolic velocity.20 In contrast, the change
eart rates did not confound the result because diastolic veloc-
ties are not significantly influenced by heart rate or altered
ulmonary arterial pressure.20 Taken together, tricuspid annu-
ar velocities suggest significantly impaired systolic and dia-
tolic myocardial function of the RV lateral free wall at the end
f coronary surgery only in the OPCAB group, but intergroup
ifferences were not statistically significant. These findings do
ot allow for drawing final conclusions on the relative degree
f RV dysfunction shortly after CCABG versus OPCAB sur-
ery but clearly do not support our hypothesis that OPCAB
urgery would better preserve RV function.
RV dysfunction is a widely known phenomenon after
CABG surgery.21-24 Its importance was demonstrated 
arly as 1985, when a study found transiently impaired RV
erformance after CCABG surgery but maintained LV per-
ormance.22 Similar to the present study, recent investi-
ions have used tricuspid annular velocities to assess RV
ABLE 3. Echocardiographic parameters in 50 patients und
rtery bypass surgery
CCABG (n  25)
Baseline End
V parameters
Cardiac output 2603 579 [2535] 3095  1180 [29
EF % 48 8 [48] 46  11 [48]
EDV (ml) 91 24 [94] 73  23 [67]‡
ESV (ml) 47 15 [49] 39  15 [36]†
E/A 1.2  0.3 [1.2] 0.9  0.3 [0.9]†
Sa-lat (cm/s) 6.8  1.5 [6.7] 6.7  1.9 [6.6]
Ea-lat (cm/s) 5.3  1.4 [5.4] 4.7  1.7 [4.3]
V parameters
FAC (%) 45 14 [48] 46  17 [45]
EDA (cm2) 17  5 [17] 14  4 [13]†
ESA (cm2) 9  4 [8] 8  4 [7]†
E/A 1.0  0.5 [0.9] 0.9  0.2 [0.8]
MSI (16 segments) 1.48 0.57 [1.28] 1.46  0.61 [1.2
MSI-RCA 1.44 0.43 [1.00] 1.36  0.77 [1.0
alues are mean  SD [median]. End, End of surgery (sternum closed)
nd-systolic volume; E/A, ratio of early peak diastolic velocity and late pe
ystolic velocity of the posterolateral tricuspid annulus; Ea, early peak dia
ractional area change; EDA, end-diastolic area; ESA, end-systolic area; W
egments depending on the right coronary artery. *P  .05, †P  .01, ‡Punction after CCABG surgery.21,23,24 The studies found e
286 The Journal of Thoracic and Cardiovascular Surgery ● Junarkedly compromised tricuspid annular velocities after
CABG surgery that persisted at follow-up studies 624 and
2 months after surgery.21 Occurrence and severity of R
ysfunction after OPCAB surgery has been studied less in
etail. Two published studies used invasive catheterization
n patients undergoing OPCAB surgery and focused primar-
ly on the short-term effects of cardiac displacement on
emodynamic parameters.25,26 The investigators found th
ost profound derangement of RV function during cardiac
ositioning for the circumflex artery and its branches.25,26
hey suggested that the major cause of hemodynamic
hanges is disturbed diastolic filling of the right ventric25
nd they found that sternal closure enhanced recovery of
ecreased cardiac output.26 However, markedly impaired
ardiac function can be of clinical importance even if it
ecovers by the end of OPCAP surgery: for example, jugular
ulb desaturations that indicate insufficient cerebral perfu-
ion occur more frequently during OPCAB than CCABG
urgery.27 Our present study did not focus on the imme
ffects of cardiac displacement but rather on the effects of
oronary surgery on RV function that persist at the end of
urgery, and it prospectively compared CCABG versus
PCAB surgery. RV dysfunction that persisted at the end of
urgery despite avoidance of cardiopulmonary bypass in the
PCAB group most likely was caused by direct compres-
ion of the RV during cardiac displacement17,25 and by
ing on-pump (CCABG) versus off-pump (OPCAB) coronary
OPCAB (n  25)
Intergroup
comparison at
end surgery
Baseline End P value
2915  1156 [2820] 3291  987 [3195] 0.455
45  7 [45] 46  9 [47] 0.553
98  25 [98] 89  23 [83]* 0.022
54  15 [50] 49  15 [49]* 0.039
1.3  0.4 [1.3] 0.8  0.2 [0.9]† 0.562
7.2  1.3 [7.1] 6.1  1.7 [6.0]† 0.341
6.0  1.4 [6.1] 4.0  1.8 [4.0]† 0.246
47  13 [49] 48  14 [51] 0.808
17  5 [16] 16  7 [14] 0.240
9  5 [8] 9  6 [7] 0.491
1.2  0.4 [1.0] 1.0  0.3 [0.9]* 0.108
1.48  0.66 [1.19] 1.58  0.70 [1.37] 0.347
1.41  0.62 [1.00] 1.66  0.94 [1.00]§ 0.285
right ventricular; EF, ejection fraction; EDV, end-diastolic volume; ESV,
stolic velocity of tricuspid inflow and mitral inflow, respectively; Sa, peak
velocity of the posterolateral tricuspid annulus; LV, left ventricular; FAC,
wall motion score indices; WMSI-RCA, wall motion score indices for the
01, §P  .052: compared with baseline values (intragroup comparisons).ergo
44]
8]
0]
; RV,
ak dia
stolic
MSI,ffects of repeated transient ischemia. Persisting RV dys-
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A
CDunction in our OPCAB group was indicated by the TDI
arameters (Table 3), whereas because of the lack of e
ished methods we did not search for new ischemic wall
otion abnormalities in the right ventricle, as is commonly
erformed in the left ventricle. One can only speculate that
he new wall motion abnormalities in inferior LV segments
fter surgery in 4 patients and a strong trend toward dete-
ioration of the LV inferior wall motion score index in the
PCAB group (Table 3) might have indicated persis
ffects of ischemia in the whole supply area of the right
oronary artery, that is, also in most parts of the RV.
verall, we found persisting new systolic wall motion ab-
ormalities in LV segments in approximately a quarter of
ur patients. LV diastolic function was not a main focus of
he present study, although impairment of diastolic function
n the OPCAB group was suggested by a decrease in the
itral E/A ratio. A detailed assessment of the effects of
PCAB and CCABG surgery on LV diastolic function was
erformed by Ng and colleagues,28 who reported an im-
rovement of diastolic function in both groups that was
igure 1. Echocardiographic parameters of systolic and diastolic
ight ventricular functions at baseline and at the end of surgery in
5 patients undergoing conventional on-pump coronary bypass
urgery (CCABG) versus 25 patients undergoing off-pump coro-
ary bypass surgery (OPCAB). Sa, Peak systolic velocity of the
osterolateral tricuspid annulus; Ea, early peak diastolic velocity
f the posterolateral tricuspid annulus; RV, right ventricular; EF,
jection fraction; BL, baseline.ore pronounced in the CCABG group.
The Journal of Thoracic-
Our findings of less need for blood transfusion and higher
emoglobin values in the OPCAB group were consistent with
revious studies,7,29 as was the finding of higher peak tropo
 levels in the CCABG very early after surgery.6-8,29 The
linical significance of the difference in early myocardial en-
yme release is unclear, as two studies reported that initial
ifferences in enzyme release between CCABG and OPCAB
roups disappeared as early as 24 hours after surgery.
A limitation of the study was that the average heart rates
ere not identical in both groups at the end of surgery. This
ifference complicates interpretation of intergroup differ-
nces because the heart rate has an effect on systolic func-
ion19 and on end-diastolic volume.30 However, the hear
ate was managed according to clinical practice15,16 and the
reserved cardiac output in both groups indicated its adequacy.
nother limitation is that our patients did not have marked
reexisting RV dysfunction, which limits the generality of the
resent findings. One can speculate that preexisting RV dys-
unction will be more affected by CCABG or OPCAB surgery
han normal RV function. If one of these surgical methods
ere to produce less impairment of RV function, this could be
rucial in patients with preexisting RV dysfunction.
In conclusion, OPCAB surgery did not better preserve
V systolic and diastolic function than CCABG surgery.
ardiac output and RV systolic ejection fraction were pre-
erved at the end of CCABG and OPCAB surgery, and
lobal RV diastolic function was similarly impaired in both
roups. Lateral tricuspid annular velocities suggest impaired
yocardial function of the RV lateral free wall only in the
PCAB group, but intergroup differences were not statis-
ically significant.
We thank Esther Seeberger and Claudia Werner, Department of
nesthesia, University Hospital of Basel, for help with data ac-
uisition and Joan Etlinger, Department of Anesthesia University
ospital of Basel, for editorial assistance. We also thank Jacques
amart, Department of Biostatistics, University Clinics of Mont
odinne, Université Catholique de Louvain, Yvoir, Belgium, for
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